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In a consideration of certain factors which seemed of importance
in explaining the spread of bacterial disease it was suggested (1) that
the readiness with which an organism initiates infection may depend
on its state of growth activity. Especially in the case of the respira-
tory tract where there exists a highly organized eliminative mecha-
nism which rapidly disposes of foreign particles and bacteria (2)
it seemed probable that organisms which on entry were in an inactive
growth phase might be eliminated before colonization could take
place, whereas bacteria in a highly active vegetative state might
under the same conditions take advantage of a portal of entry and
produce disease or set up a carrier state.
￿
It was pointed out further
that such variationsin the invasive property that are dependent merely
on vegetative activity must be clearly distinguished from specific
alterations in virulence whereby a special strain has become adapted
to growth in a particular species of animal.
The present experiments were done in the attempt to investigate
the above hypothesis. It was not feasible to make tests under con-
ditions which exactly paralleled those existing in the upper air pas-
sages of man, and the procedure finally adopted consisted of testing
the power of bacteria in various stages of growth activity to initiate
infection in the peritoneal cavity of the mouse.
Streptococcus.
It may be recalled that the growth of bacteria in artificial media
can be divided into (1) the latent period (time which elapses between
seeding and beginning of rapid growth), (2) the logarithmic period
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(during which multiplication occurs at a maximum and constant
rate), (3) the stationary period (during which growth is very slow
or stationary), and (4) the period of decline (during which the
organisms are dying) . Curves which show graphically the course
of events may be plotted in terms of the number of viable bacteria
in the culture at various intervals after seeding. For detailed dis-
cussion of the biological aspects of bacterial growth phases, and for
many illustrative curves the reader is referred to the papers of Pen-
fold (3), Graham-Smith (4), and Chesney (5) .
Chart 1 shows the growth cycle of Streptococcus 205 as indicated
by counting samples from a broth culture at various time intervals
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￿
Composite growth curve of streptococcus.
after seeding.
￿
The details of such curves vary with many factors
such as size of inoculum, age of parent culture, medium, etc., but
on the whole the chart may be taken as representative of the cultures
used in the present work.
No attempt was made accurately to correlate pathogenicity with
rate of multiplication. It was desired merely to compare the patho-
genicity of bacteria from the same culture in the stage of active
growth and in the period of decline.
Technique.
Flasks of broth were seeded from stock blood agar slants of hemolytic strepto-
coccus or from old broth cultures.
￿
After incubation for a specified length of timea portion of the culture was removed, centrifuged, and resuspended in broth.
This material was injected intraperitoneally into series of mice, in amounts which
varied although total volume was constant. At the time of inoculation a count
was made so that regardless of stage of culture the number of viable bacteria intro-
duced was known. The mice were studied by peritoneal puncture at various
periods after injection, time of death was noted, and specificity of death was
checked by autopsy and cultures.
Experiment 1.-A 200 cc. flask of meat infusion broth (pH 7.4) was seeded from
a stock blood agar slant of Strain 205. After incubation for 4 dA,ys a portion of
the culture was removed, centrifuged, resuspended in broth, and injected in de
creasing amounts intraperitoneally into a series of mice.
￿
At the same time i cc.
of the culture was put into a fresh flask of 200 cc. of broth.
￿
After 5 hours incuba-
tion this actively growing culture was tested in a similar manner.
Mouse No.
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No. of viable bacteriainjected.
Titration of 4 day culture.
Peritoneal smear
(24 hrs.).
White
blood cor- I Strepto-
puscles cocci.
per field.
Result.
1;2;3;4
5
6
7; 8
Titration of 5 hr. culture.
25,000,000; 12,000,000; 3,000,000;
740,000
185,000
46,000
11,500; 2,100
Few.
99
Many.
Few.
0
D.
S.
94
* co = innumerable.
Comment.-It is seen that the maximum dose of 4 day culture
which failed to infect was 5,000,000, whereas the maximum dose of
5 hour culture which failed to infect was 46,000, or roughly 1/100 of
the former.
Experiment 2.-A flask of 200 cc. of meat infusion broth (pH 7.4) was seeded
from a stock blood agar slant of Streptococcus R. After 5, 24, and 72 hours por-
tions of culture were removed and titrated as in Experiment 1.706
MouseNo.
416,000,000; 104,000,000; 26,000,000
6,500,000
1,625,000;406,250
Few.
50
1-200
00
Few.
0
1; 2; 3
4
5; 6
2;3;4;5;6
MouseNo.
* 00 = postmortem.
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No. of viable bacteria injected.
24 hr. culture.
3 day culture.
102,000,000
5 hr. culture.
25,500,000; 6,370,000;1,590,000; 390,000;
97,000
No. of viable bacteria injected.
Second 5 hr. culture.
24 hr. smear.
White
blood cor-~ Strepto-
puscles cocci.
per field.
Few.
1-200
24 hr. smear.
00
0
White blood
￿
I Strepto- fiecorpuscldlesper
￿
coccf. .
Result.
D.
S.
49
D.
S.
From the 3 day culture used in the preceding experiments 2 cc. were trans-
ferred to afreshtask of 200cc. of broth. After 5 hoursincubation a titrationwas
done as before.
Result.
1 140,000,000 Few. D.
2; 3; 4;5 35,000,000; 8,750,000; 00 44
2,180,000; 540,000
6 135,000 About 100. 25 S.
7; 8 33,700;8,000 100-200 0AUGUSTUS R. FELTY AND ARTHUR L. BLOOMFIELD
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Comment on Experiment 2.-The minimal lethal doses of the 5, 24,
and 72 hour cultures were respectively 1,700,000, 26,000,000, and
102,000,000. Transfer from 3 day culture yielded a 5 hour cul-
ture, the minimum lethal dose of which was 540,000. The quanti-
tative relationships are therefore evident and may be tabulated as
follows
M.L.D.
Ratio (approximate).
5 hr.
1,700,000
4
24 hr.
26,000,000
50
3 day.
102,000,000
200
5 hr.
540,000
1
It is seen that the pathogenicity of the bacteria was much lower
in the stage of decline than in the stage of active growth.
Theoretically the technique of the experiment is quite simple ;
practically it was found to be very difficult.
￿
In fact so many pos-
sible sources of error may be thought of that they must be con-
sidered in some detail.
1. The Cultures.-Two strains of hemolytic streptococcus, No. 205 and R, were
used. Both were derived from cases of acute tonsillitis. They were shown to be
colony-pure by plating. Strains derived from single cells were not employed.
The protocols, however, show nothing which would suggest that error resulted
from absence of pure line strains.
2. Bacterial Counts.-In comparing the action of bacteria in different stages of
growth it is obvious that one must reckon with the number of viable bacteria and
not merely with gross amounts of culture.
￿
Extremely careful counts were there
fore made in each case just before inoculation.
￿
The culture was carried through
a series of eleven dilutions.
￿
The tubes were thoroughly shaken at each stage and
a fresh pipette was used.
￿
Plates (blood agar) were finally poured from the last
three dilutions which represented respectively 1/64,000, 1/256,000, and 1/1,024,
000 cc.
￿
Unless the number of bacteria per cc. of culture as calculated from the
colony count of each of the three plates agreed the experiment was not considered
valid.
It must be remembered also that plate counts indicate number of colonies and
not single bacteria, especiallywhen one deals with such an organism as streptococ-
cus. The preparations were therefore checked by stained smears. Clumping
was always more marked in the older cultures and hence any errorwould be in the
direction of minimizingrather than exaggerating the number of organisms in the
old culture as compared with the young, and therefore would tend to minimize
rather than to exaggerate differences in virulence.708
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3. Influence of Dead Bacteria in Old Culture.-An examination of the diagram
of growth curve of streptococcus shows that in a 3 day culture there must be agreat
number of dead bacterial bodies-in fact they greatly outnumber the viable organ-
isms. While these dead bacteria may act in a deleterious way, the opposite possi-
bility comes to mind; namely, that they might stimulate leucocytes or protective
substances and that hence the apparent decrease in pathogenicity of the old cul-
ture might be spurious.
￿
This matter was checked by the following experiments.
Experiment 3.-Two sets of six mice received decreasing amounts intraperitone-
ally of a 5 hour culture of Streptococcus R in 0.5 cc. of broth. Immediately after
inoculation Set A each received in 0.5 cc. broth the growth from 1 cc. of 3 day
culture which had been killed by heating at 70°C. for 1 minute and Set B each
received 0.5 cc . of broth.
Set A. Set B.
This experiment shows that the dead bacteria have a deleterious effect which
enhances the activity of the living organisms. If one refers then to Experiments
1 and 2 it is evident that the true decrease in pathogenicity of the old cultures
was even greater than that which was actually demonstrable.
4. Technique of Comparative Experiments.-This was kept as nearly uniform as
possible. The cultures were centrifuged at uniform speed for 10 minutes, and
broth from the same lot warmed to incubator temperature was used.
5. Progressive Deterioration of Virulence.-The possibility that differences in
pathogenicity of young and old cultures might simply be part of a progressive
deterioration of virulence had to be considered. This eventuality was controlled
by a second test of a young culture derived from the old cultures previously exam-
ined (see Experiment 2) .
6. Variations in Susceptibility of Breeds of Mice.-It is well known that white
mice of various breeds vary greatly in their susceptibility to certain infections.
This has been clearly shown by Webster (6) and others. In the present experi-
ments all the animals came from the same breeder and to a considerable extent
from the same hutch.
No. 5 hr. culture. Billed 3 day
culture. Result. No. 5 hr.culture. Broth. Result.
CC . cc. cc. CC .
1 1/2 1/2 D. 1 1/2 1/2 D.
2 1/8 1/2 2 1/8 1/2
3 1/32 1/2 " 3 1/32 1/2 "
4 1/128 1/2 " 4 1/128 1/2 "
5 1/500 1/2
6 1/2,000 1/2 " 5 1/500 1/2 S.
6 1/2,000 1/2 "AUGUSTUS R. FELTY AND ARTHUR L. BLOOMFIELD
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7. Variations in Susceptibility of Individuals.-Even in mice of thesame breed
there are distinct differences in susceptibility of individuals to a given infection.
A large number of preliminary experiments showed, however, that such individual
variations were never greater than sixteen-fold.
The preceding experiments demonstrated that there were distinct
differences in the capacity to initiate infection of young and old
cultures. As pointed out, no attempt was made accurately to
correlate such a phenomenon with the exact rate of multiplication
of the bacteria. It seemed of interest, however, to discover whether
the diminution in pathogenicity took place abruptly when the culture
reached the stationary period or whether there was a more gradual
alteration.
Experiment 3 A.-Streptococcus B (beta-hemolytic).
￿
Same general technique
as in preceding experiments.
￿
The pathogenicity of the culture was titrated in
mice at intervals of 3, 8, 19, and 26 hours after seeding. Counts were made
at the same time so that a growth curve could be constructed.
￿
The results are
summarized in the following protocol.
Summary ofExperiment 3 A.
Comment.-The first two titrations were made during the stage
of active growth ; the last two at a time when the culture had en-
tered the stationary period. While the trend may indicate a slight
decrease in pathogenicity, the differences were not striking, and it
is clear that there was no abrupt alteration.
Experiment 3 B.-Streptococcus Sc (beta-hemolytic). Same procedure as in
Experiment 3 A . Titrations were done 8, 10, and 13 hours after seeding. The
results aresummarized in thefollowingprotocol.
Age ofculture.
hrs.
Count per cc. Minimum lethal dose.
3 13,000,000 3,000,000
8 52,000,000 800,000
19 90,000,000 7,000,000
26 100,000,000 16,000,000710
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Summary of Experiment 3 B.
Comment.-Result similar to that of Experiment 3 A. It is seen
that virulence was unaltered after the culture entered the stationary
period.
The two preceding experiments showed that the alterations in
virulence previously described did not parallel changes in rate of
multiplication. It appeared that the culture must enter the stage
of decline before material alteration was apparent. In the next
experiment several titrations were made during this stage.
Experiment 3 C.-Streptococcus B (beta-hemolytic) .
￿
The organism was passed
through a mouse and recovered in pure culture.
￿
This was used for seeding the
flask from which the titrations were made.
￿
Titrations at 5, 26, 29, and 48 hours
after seeding.
￿
The results are shown in the protocol.
Summary of Experiment 3 C.
Comment.-A reference to the growth curve (Chart 1) shows the
26 hour titration was made within a few hours after the culture went
into the stage of decline. A marked depreciation of pathogenicity
was already present which did not vary a great deal during the
ensuing 24 hours.
It appears, then, that with the stage of decline there comes not a
gradual, but an abrupt falling off in virulence, although a high and
constant level is maintained during the phase of active growth and
in the stationary period.
Age of culture.
hrs.
Count per cc. Minimum lethal dose. Ratio.
5 100,000,000 23,000 1
26 300,000,000 2,750,000 120
29 250,000,000 2,250,000 98
48 90,000,000 5,620,000 244
5 8,000,000
Age of culture.
hrs.
Count per cc. Minimum lethal dose.
8 70,000,000 300,000
10 120,000,000 1,800,000
13 120,000,000 450,000AUGUSTUS R. FELTY AND ARTHUR L. BLOOMFIELD
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Pneumococcus.
Experiments with pneumococcus were planned, although it was
recognized that clean-cut results might not be forthcoming, owing
to the extreme susceptibility of mice to pneumococcus infection.
We desire to find out, however, whether in the case of an old culture
latent period could be demonstrated in the animal body.
Experiment 4.-A strain of Pneumococcus Type I highly virulent for mice was
used. 0.01 cc. of culture from a stock blood broth tube was planted in a flask of
200 cc. ofmeat infusion broth pH 7.8 to which 10 cc. of sterile ascitic fluid had been
added.
￿
Titrations in series of mice were done with portions of this culture during
the active stage (6 hours) and during the period of decline (31 and 54 hours).
￿
The
same technique was followed as with the streptococcus experiments, and special
care was taken in the plating and counting of colonies. Peritoneal punctures
were done at 18 hours, and the number of leucocytes and of pneumococci per oil
immersion field was noted.
￿
Time of death was recorded and autopsies and post-
mortem cultures were made.
￿
In the protocols Sp. indicates specific death as evi-
denced by overwhelming pneumococcus infection of peritoneum and bloodstream.
Titration of 6 hr. culture of Pneumococcus Type I.
* Actual plate count.
￿
Other doses calculated from these.
Comment.-It is seen that with the active (1 hour) culture all the
mice, even those receiving as few as 11 and 1 (pair) pneumococci,
died a specific death within 42 hours.
No. of
18 hr. peitonealpuncture.
Mouse Amount of culture viable
pneumo- White Result. Post-
No. injected. cocci blood cor- mortem.
injected. puscles Pneumococci.
per field.
CC.
1 1/1,000 11,000 25 00 D. 18 hrs. Sp.
2 1/10,000 1,100 25 4-10 " 30 " "
3 1/100,000 110 10 4-20 " 42 " "
4 1/1 million 11* 100 2-4 " 42 " "
5 1/10 " 1* 100 Less than 2. " 42 " "
6 1/100 " 0 100 0 S.
7 1/1 billion 0 100 0 "
8 1/10 " 0 100 0 "712
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Titration of same culture after incubation for 31 hrs.
Titrationof same culture after incubation for 54 hrs.*
e
s
* ++++, +++, ++, and + indicate decreasing numbers of bacteria on a
scale of oo to about 100perfield.
tActual plate count.
￿
Other doses calculated from these.
Comment.-The animals not only survived longer than in the case
of the 6 hour culture but the smaller doses (8, 86) failed to kill.
* In this case the culture was centrifuged and the bacteria were resuspended in
broth before dilutions were made.
t Actual plate count.
￿
Other doses calculated from these.
18 hr. peritoneal
No. of puncture.
viable
No. Amount of culture
mjected. pneumo- White Result. Postmortem.
cci
inj
cocci
ected. blood Pneumo-
corpuscles cocci.
per field.
CC.
1 1/10 860,000 25 ...* D. 41 hrs. Sp.
2 1/100 86,000 100 ++ " 41 " "
3 1/1,000 8,600 Few. 50-100 " 26 " "
4 1/10,000 8601 50 20-40 " 41 " "
5 1/100,000 86 100 2 " 65 " Probably not spe
cific. Peritoneum
shows many coars
Gram-positive
rods. Heart'
blood culture neg
ative for pneumo
cocci.
6 1/1 million 8t 100 0 S.
7 1/10 0 100 0 "
8 1/100 " 0 100 0 "
18 hr, peritoneal puncture.
No. of viable
No. Amount of culture cocci Result. Post- Post-
injected. injected. White blood Pneumo- mortem.
corpuscles
per I
cocci. field. field.
CC.
1 10 2,300,000 Few. 00 D. 20 hrs. Sp.
2 1 230,000 50 + " 33 "
44
3 1/10 23,000 25 50 " 43 "
it
4 1/100 2,3001 100 25-50 it 20 " it
5 1/1,000 230 100-200 0 " 42 "
it
6 1/10,000 231 100-200 0 S.
7 1/100,000 2t 100-200 0 <`
8 1/1 million 0 100-200 0 "Comment.-Essentially the same findings as with 31 hour culture.
Mouse4 was exceptional in so far as it died early, with relatively few
pneumococci in the peritoneum. However, culture from the heart's
blood was positive and the death must be regarded as specific in a
specially susceptible animal.
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6 5 4 3 2 1
Log of No. of bacteria
Each dot represents one animal.
￿
The dots above the horizontal broken line
represent survivors.
CHART 2. Experiment 4.
The results of Experiment 4 are charted graphically in Chart 2
with logs of number of bacteria injected as abscissa and number of
hours until death as ordinates.
In order to rule out any progressive loss of specific virulence on
the part of the culture a portion of that used in the previous experi-
ment was transferred to a fresh flask of broth and the titrations were
repeated with the second culture after 6 and 29 hours incubation
(Experiment 5).
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Experiment 5.
Comment.-The 6 hour culture is more pathogenic as measured
by time of death of the animals and minimum lethal dose than the
2 day culture from which it was derived.
No.
No. Amount of culture
injected.
* Actual plate count.
￿
Other doses calculated from these.
Amount of culture
injected.
No. of viable
pneumococci
injected. White
blood cor- I Pneumo-
puscles cocci.
per field.
Titration of second culture 6 hrs. after inoculation.
No. of viable
pneumococcf
injected.
18 hr. peritoneal
puncture.
White
blood
corpuscles
per field.
18 hr. peritoneal
puncture.
Pneumo-
cocci.
Titration of second culture after 29 hrs. incubation.
Result.
* Actual plate count.
￿
Other doses calculated from these.
Result.
Postmortem.
Post-
mortem.
CC.
1 1/10 1,500,000 Few. co D. 17 hrs. Sp.
2 1/100 150,000 50 00 cc 40 " c`
3 1/1,000 15,000 25 ++ cc 40 cc "
4 1/10,000 1,500 25 + + 4` 31 cc
4r
5 1/100,000 150* Few. -}--}--}- c` 30 cc "
6 1/ 1 million 16* 25 10 " 47 cc it
7 1/ 10 cc 2* 50 + cc 32 cc it
8 1/100 °c 0 50 0 S.
CC.
1 1 60,000,000 Few. -i- D. 19# hrs. Sp.
2 1/10 6,000,000 0 u 22 ea
3 1/100 600,000 Non-specific. D.
18 hrs. Canni-
balism.
4 1/1,000 60,000 25-50 cc 24 cc Sp.
5 1/10,000 6,000 Few. 6-10 cc 42 cc Non-specific death.
No pneumococci
in peritoneum or
heart's blood.
6 1/100,000 600* 25 2 cc 50 cc
it u
7 1/1 million 60* D. 18 hrs.
Non-specific.
Cannibalism .
8 1/10 " 7* Few. 0 S.Survived
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Comment.-Result similar to previous experiments. The non-
specific death of Nos. 5, 6, and 7 was unfortunate as these animals
might have survived the pneumococcus infection for a greater length
of time.
￿
The experiment is shown graphically in Chart 3.
Discussion of Experiments 4 and 5.-In Chart 4 the combined
results of the two experiments are charted graphically. The solid
line shows the average of two titrations of 6 hour cultures, the broken
line the average of three titrations of culture in the period of decline.
Several facts are brought out : (1) Of the mice which received equal
numbers of bacteria from active and inactive stages of cultures, those
injected with the highly vegetative organisms uniformly died after
a shorter interval.
￿
This interval averages (with doses of 100 bacteria
or over) about 10 hours.
￿
Evidently there occurs with the old cul-
ture a period of lag which is quite analogous to that seen in the test-
tube.
￿
(2) Doses of old culture smaller than 100 bacteria were uni-
formly survived (five animals), whereas even one pneumococcus
from the 6 hour cultures invariably killed (four animals) .
￿
It is clear
then that even with an animal as highly susceptible to pneumococcus
as the mouse a definitely lower degree of pathogenicity can be shown
in the case of old cultures than in the case of those in the logarithmic
phase of growth.
CONCLUSIONS .
The experiments which have been reported show that distinct
differences exist between relatively young cultures of bacteria and
the same strains during the period of decline as regards invasive
power and pathogenicity, and that these differences must be dis-
tinguished clearly from specific alterations in virulence such as those
produced by animal passage. The exact interpretation of these
observations is not, however, perfectly clear. We were inclined
to believe that simple alterations in vegetative activity might ac-
count for the differences which have been described, but to what
extent the results have been due to injury to the bacteria by products
of culture growth it is impossible to say, and further work will be
necessary to settle this point.
At any rate the experiments seem to bear definitely on the problem
of infection in as far as they show that purely temporary modifications~n~.~  enoauv~nacmg 
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of growth activity whether or not brought about by specific injury
lead to changes in invasiveness which are quite analogous to the test-
tube phenomenon of lag.
It has previously been shown that there exists in the upper air
passages a mechanism by means of which foreign particles and
bacteria can be eliminated within a few hours. It seems highly
likely on the basis of the present work that bacteria entering in an
inactive growth phase-for example dried in dust or perhaps from
a chronic carrier-may be disposed of before activity can be resumed,
whereas organisms introduced in the stage of active growth-as from
a case of acute disease-may be able to take advantage of a portal
of entry. It is further possible that these experiments may have
some bearing on the genesis of epidemics, especially as regards the
preepidemic phase, and these matters will be discussed at another
time.
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